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Abstract
　　　　Lysophosphatidylcholine　（LPC）　is　a　bioactive
proinflammatory　lipid　generated　by　pathological　ac－
tivities．1．pC　is　also　a　m勾or　phospholipid　component
of　oxidized　low－density　lipoprotein（Ox－1、DI、）and　is
implicated　as　a　critical　factor　in　the　atherogenic　activ．
ity　of　Ox－LDL．　LPC　is　believed　to　play　an　important
role　in　atherosclerosis　and　inflammatory　diseases　by
altering　various　f㎞nctions　in　a　number　of　cel1－types，
including　endothelial　cells，　smooth　muscle　cells，
monocytes，　macrophages，　and　T－cells．　LPC　activates
several　second　messengers－－including　Protein　kinase
C，extracellular－signal－regulated　kinases，　protein　ty－
rosine　kinases，　and　Ca2＋一一implicating　the　engage－
ment　of　transduction　mechanisms　in　its　observed
actions．　Moreover，　recent　evidence　suggests　that　in
several　cel1－types，　cloned　orphan　G－protein－coupled
receptors　may　serve　as　the　specific　receptors　via
which　LPC　modulates　second　messenger　pathways
（although　LPC　may　not　be　a　direct　ligand　of　such　re－
ceptors）．　In　addition，　current　evidence　suggests　that
LPC　impairs　the　endothelium－dependent　relaxa七ions
mediated　by　endothelium－derived　relaxing　fらctors　and
directly　modulates　contractile　responses　in　vascular
smooth　muscle．　However，　despite　all　this，　and　al－
though　eleva七ed　levels　of　LPC　have　been　linked　to　the
cardiovascular　complications　associated　with
atherosclerosis，　ischemia，　and　diabetes，　the　precise
pathophysiological　roles　played　by　LPC　in　several
s七ates　remain　to　be　established．　In　this　review，　we
fbcus　in　some　detail　on　the　entirety　of　the　signal－
transduction　system　fbr　LPC，　its　pathophysiological
玉mplications，　and　the　vascular　abnormalities　associ－
ated　with　it．
Keywords：atherosclerosis，　inflammatory，　endothe－
lial　dysf㎞nction，　LPC，　vascular　tone，　signal
七ransduction
1．Introduction
　　　　Atherosclerosis，　recognized　as　the　main　cause　of
death　in　industrial　 ountries，　is　a　disease　of　the　blood
vessel　wall（involving　lipid　accumulation，　chronic　in－
flammation，　cell　dea七h，　and　thrombosis）that　can　lead
to heart　disease　and　stroke［1・4］．　Although　elevated
cholesterol　levels　are　a　recognized　risk　f5ctor　fbr
atherosclero is，　a growing　body　of　evidence　suggests
that　oxidation　of　low－density　lipoprotein（LDL）is　an
important，　if　not　obligatory，　event　in　this　condition　I5－
7］．Until　recen ly，　oxidized　LDL（Ox－LDL）was　as－
sumed to　yield　a五nal　product　responsible　fbr　several
of　the　react ons　involved　in　atherogenesis　［8］．
However，　the　accumulation　of　several　oxidized
phospholipid 　and　lysophosphatidylcholine（LPC）has
been　reported　in　experimental　models　of
atherosclerosis，　raising　the　prospect　of　their　involve－
ment in　proinnammatory　processes仇u》oo［9－11］．
R earch　in　this　field　has　been　confbunded　by　the
complexity　of　phospholipid　biochemistry，　the　paucity
of　animal　models　of　human　atherosclerotic　vascular
diseases，　and　the　dif丘culty　of　establishing　a　causal
link　between　specific　lipid　mediators　within　the　vessel
wall　and　clinical　even七s．　Although　the　clinical　and
pathological manifbstations　of　atherosclerotic　vascu－
lar　diseases　cover　a　wide　range，　in且ammation　is　com－
mon　to　all　stages　of　these　diseases，　and　various
bioactive　lipid　mediators　are　associated　with　such　in－
nammation　in　various　cells［2－4，8，12－18】．　The　pur－
pose　of　this　article　is　to　review　what　is　known　abou七
LPC，　and　the　innammatory　and　vascular　abnormali－
ties　associated　with　it．
2．Metabolism　of　LPC　and　its　properties
　　　LPC　　（1－acy1－sn－glycero－3－phosphocholine，　also
called　l solecithin）is　an　important　lipid　molecule　in
mammalian tissues（Fig．1）．　Over　the　past　20　years，
abundant　evidence　has　accumulated　of　direct
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Fig．1Cell－types　on　which　LPC　is㎞own　to　have　ef民cts．
proinflammatory　and　atherogenic　eflbcts　of　I．PC．
Although　LPC　constitutes　only　1－5％　of　the　total
phosphatidylcholine（PC）content　of　non－Ox－LDL，　as
much　as　40－50％of　the　PC　contained　within　the　LDL
molecule　is　converted　to　LPC　during　LDL　oxidation
via　two　diffbrent　pathways［191．　The　circulating　I．PC
is　generated　predominantly　by　the　activity　of　lecithin－
cholesterol　acyltransfbrase（LCAT），　which　transfbrs　a
飴tty　acid仕om　PC　to　cholesterol　I20，21］．　Higher
LCAT　activity　has　been　observed　in　the　plasma　of
atherosclerotic　patients　with　a　higher　concelltratioll　of
LPC［22］suggesting　that　LCAT　may　be　an　important
倣ctor　in　the　production　of　LPC　in　these　patients．
Moreover，　phospholipase　A2（PLA2）hydrolyzes　PC，　si－
multaneously　generating　a　molecule　of　LPC　and　one
of　arachidonic　acid［23，24］．
　　　　Recent　evidence　has　established　central　roles　in
atherogenesis　fbr　two　phospholipases：　namely，
secretory　PIA2（sPLA2）［25］and　lipoprotein－associated
PLA2（Lp－PLA2，　alternatively　termed　platelet　activat－
ing　　　factor　　（PAF）－acetylhydrolase　　（PAF－AH））
［11，26，27］．sPLA2　is　Ca2㌔dependent　and　hydrolyzes
the　sn－2　acyl　group　of　the　glycerophospholipids　in　lipo－
proteins　and　cell　membranes　to　yield　LPC　and　fをee
ぬtty　acids．　It　is　also　implicated　in　isoprostane　produc－
tion仕om　oxidized　phospholipids．　sPI、A2，　an　acute－
phase　reactant　that　is　upregulated　by　inflammatory
cytokines，　may　represent　a　new　independent　risk　fac－
tor　fbr　coronary　heart　disease．　In　contrast　to　sPIコA2，
1、p－PLA2　is　Ca2＋－independent，　and　it　is　speci丘c　fbr
short　acyl　groups　at　the　sn－2　position　of　the
phospholipid substrate．　Lp－PI、A2　can　also　hydrolyze
oxidized　phospho ipids　to　generate　LPC　and　oxidized
血tty　acids（Fig．2）．　Thus，　Lp－PIA2　plays　key　roles　in
the　degradation　of　proinflammatory　oxidized
phospholipids　 nd　in　the　generation　of　LPC　and　oxi－
dized　f5t y　acids．　Indeed，　circulating　Lp－PLA2　is　a
marker　of　illflammation　that　plays　a　chtical　role　in
atherogenesi ，　and　i七s　inhibition　may　have　anti－
atherogenic　eHbcts［28，29］．LPC　accumulation　reflects
increased　production　via　PLA2－catalyzed　PC　hydroly－
sis or　d creased　LPC　catabolism，　or　via　a　combination
of　both processes．　Catabolism　of　LPC　occurs　through
thr e　dif飴r t　pathways　mediated　by　separate　en－
zymes［30，31］（Fig．2）．　From　numerous　reports，　there
is　 vidence　that　the　level　of　LPC　in　the　blood　is　ele－
vated　in　a　variety　of　pathophysiological　states（Table
1）．
　　　　The　physiological　concentrations　of　LPC　in　body
fluids，　including　blood　and　ascitic　fluid，　are　very　high
［54，55］．In　addi on，　LPC　may　lyse　cells　at　high　con－
centrations　due　to　its　detergent－like　properties　l56］．
The　LPC　molecule　is　wedge－shaped，　consisting　of　one
long　hydrophobic飴tty　acyl　chain　and　one　large　hydro－
philic　pol r　choline　headgroup，　attached　to　a　glycerol
backbone（Fig．1）．　The　amphipathic　nature　of　LPC
gives　it　surfactant－and　detergent－like　properties．　At
low　conce trations，　LPC　exists　as　single　molecules　in
solution．　However，　when　i七s　concentration　exceeds　the
critical　micelle　concentration，　LPC　can　fbrm　small　mi－
celle ，　each　composed　of　approximately　180　molecules
［571．Alth ugh　single　LPC　molecules　can　insert
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readily　into　the　outer　layer　of　the　cell　membrane，　they
do　not　seem　to　flip　quickly　into　its　inner　layer［58］．
However，　micelles　fbrmed　f士om　LPC　may　f㎞se　with
cell　membranes　to　disturb　membrane　con五）rmation，
and　perhaps　lyse　cells［59］，and　the　detergent　e艶ct　of
LPC　is　mostly　exerted　by　LPC－produced　micelles．
Numerous　lines　of　evidence　have　been　accumulated
agains七asimple　nonspecific　membrane－damaging　ef二
免ct　of　LPC，　and　although　the　transmembrane　signal
transduction　induced　by　LPC　has　been　studied　in
many　cellular　sys七ems　it　has　been　suggested　that　a
speci6c　membrane　LPC　may　not　exist［60］．　In　fごct，　at
physiological　concentrations　if　all　the　LPC　were　in　an
active　fbrm　able　to　interact　with　its　receptors，　the　en－
tire　population　of　LPC　receptors　would　be　saturated
and／or　downregulated．　A　characte亘stic　of　LPC　is　that
it　is　reversibly　bound　to　albumin，　erythrocytes，　or　lipo．
proteins　in　the　circulation［61－63］．Albumin　acts　as　a
reservoir　fbr　I．PC，　effbctively　controlling　LPC
bioavailability．　Thus，　the　fhnctionally　available　con－
centrations　of　LPC仇u：uo　may　be　controlled　by　a　bal－
ance　between　dif丘rent　fbrms　of　LPC，　including　the
血ee　fbrm，　the　albumin－bound　fbrm，　other　lipoprotein－
bound　fbrms，　and／or　potentially皿identi丘ed　fbrms．
3．Inflammato】呼and　vascular　abnormalities　as・
　　sociated　with　IPC
　　　LPC　is　believed　to　play　important　roles　in
atherosclerosis　and　inflalnmatory　diseases　by　alte血g
various　fnnctions　in　a　number　of　cell－types，　including
endothelial　cells（ECs），　smooth　muscle　cells（SMCs），
monocytes，　macrophages，　and　T－cells（Fig．1，　Table　2）．
Some　of　the　proatherothrombotic　eflbcts　of　lipopro－
teins　have　been　attributed　to　the　in且ammatory　ef｛bcts
of　LPC，　including：a）induction　in　ECs　of　adhesion
molecules　and　chemoat七ractants，　b）stimulation　of　mi－
gration　and　prolifbration　in　vascular　SMC（VSMC），　c）
inhibition　of　endothelial　migration　after　i可’ury（Fig．
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Fig．2　A：Hydrolysis　of　oxidized　phospholipids　by　I．p－PI．A2、
　　　　　　The　increase　in　LPC　content　is　the　result　of　two　se－
　　　　　　quential　events：oxidation　and丘agmentation　of　the
　　　　　　sn－2　residues　of　phosphatidylcholine（PC），　fbllowed
　　　　　　by　hydrolysis　of　the　shortened　fatty　acyl　residues　by
　　　　　　LDL－associa七ed　Lp－PI、A2．　This　results　in　the　genera－
　　　　　　t oll　of　two　bioactive　lipid　mediators，　LPC　and　oxi－
　　　　　　dized　noneste亘丘ed　fatty　acids（NEFA），　which　are
　　　　　　proposed　to　play　important　roles　in　bo七h　the　homing
　　　　　　of　inf］ammatory　cells　hlto　lesion．prone　area8　and
　　　　　　local　increases　in　inflammatory　mediators．　B：
　　　　　　Pathways　fbr　catabolism　of　monoacyl　LPC．　LPC　ca－
　　　　　　tabolism　occurs　through　a　disproportionation　reac－
　　　　　　tion　involving　two　LPC　molecules　catalyzed　by
　　　　　　cytosolic lysophospholipase－transacylase　to　fbrm　PC
　　　　　　and　glycerophosphorylcholine（GPC）＠α〃Lω破y　1），　a
　　　　　　hydrolytic　pa七hway　catalyzed　by　lysophospholipase
　　　　　　to　yield　GPC　and　fatty　acid（FA）＠α仇ω（吃y　2），　and　a
　　　　　　reacylation　pathway　to　fbrm　PC，　catalyzed　by
　　　　　 LPC：acyl－CoA　acyltransfbraseψα仇ωαy　3）．
3）， nd　d）distur ances　of　vascular　tone　（Fig．4）．
Recently，　LPC　has　been　shown　to　bind　to　G－protein－
coupled　receptors（GPCRs）in　lymphocytes　and　a　num－
be of　tissues，　including　the　aorta，　and　thereby　to
induc 　receptor　internalization，　mi七〇gen－activated
ぴbleもεIe∨頁led　LPC　leve他納8ev白rai　p8thophy8bl◎gicalポates
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protein　kinase（MAPK）ノextracellular　signal－regulated
kinase（MEK！ERK）activation，　and　chemotaxis．　In
these　ways，　LPC　can垣99er　signal－transduction　cas－
cades　involved　in　the　ini七iation　and　development　of
atherosclerosis．　In七his　section，　we　review　these　LPC－
induced　responses　alld　cellular　mechanisms　in　detai1．
3．1．LPC　and　inflammato】ry　responses
　　　Recent　research　has　shown　that　inflalnmation
plays　key　roles　in　coronary　artery　disease　and　other
manifbstations　of　atherosclerosis．　Immune　cells　domi－
nate　early　atherosclerotic　lesions，　their　ef壬bctor　mole－
cules　accelerate　progression　of　the　lesions，　and
activation　of　inflammation　can　elicit　acute　coronary
syndromes［31．　Atherosclerotic　lesions（atheromata）
are　asymmetric　fbcal　thickenings　of　the　innermost
layer　of　the　artery，　the　intima［3］．They　consist　of　va亘一
〇us　cells，　connectiveρtissue　elements，　lipids，　and　de－
bris【86】．Blood－borne　innammatory　and　immune　cells
constitute　an　important　part　of　an　atheroma，七he　re－
mainder　being　vascular　ECs　and　SMCs．　The　atheroma
is　preceded　by　a　fa ty　streak，　an　accumulation　of　lipid－
laden　cells　beneath　the　endo七helium．　Most　of　the　cells
fbund　in　 he　f5tty　streak　are　macrophages，　together
with　som 　T－c lls．　In　the　center　of　an　atheroma，丘）am
cells　and　 x七racellular　lipid　droplets　fbrm　a　core　re－
gion，　and　this　is　bo皿ded　by　a　cap　of　SMCs　and　a　co1－
lagen－rich　matrix．　T－cells，　macrophages，　and　mast
cells　infiltrate　the　lesion　and　are　particularly　abun－
d nt　in　the　shoulder　region，　where　the　atheroma
grows［86】． Many　of　the　immune　cells　exhibit　signs　of
activation　and　produce　inflammatory　cytokines［3］．
　　　　Accumulation　of　monocyte－derived　fbam　cells　in
丑）cal areas　of　the　arterial　intima　is　one　of　the　key
events in　early　atherogenesis．　In　several　animal　mod－
els　 f　atherosclerosis，　localized　attachment　of　circulat－
ing　monocytes　to　the　arterial　endothelium　appears　to
precede　 he丑）rmation　of　early丘）am－cell　lesions【2，87］．
Although the　molecular　mechanisms　are　not　com－
pletely　understood，　monocyte　recruitment　into　these
e rly　lesions may　involve　changes　in　the　endothelial
adhesiv ness　of七he　monocyte　as　well　as　the　local
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Fig．3　LPC　and　atherosclerosis．　Native　LDL　becomes　trapped　in　the　subendothelial　space，　where　it　can　be　oxidized　by　resident
　　　　　　vascular　cells，　such　as　smooth　muscle　cells（SMCs），　endothelial　cells（ECs），　and　macrophages．　Oxidative　and　enzymatic
　　　　　　modifications　ofLDL　lead　to　the　release　of　inflammatory　lipids，　including　LPC，　and　these　alter　the　f迦ctions　and　prop－
　　　　　　erties　of　ECs，　monocytes／macrophages，　T－lymphocytes，　and　SMCs．　The　normal　arterial　EC　resists　prolonged　contact
　　　　　　with　leukocytes．　However，　when　ECs　undergo　innammatory　activation，　they　increase　their　expression　of　various　leuko－
　　　　　　cyte　adhesion　molecules，　such　as　intercellular　adhesion　molecule－1（ICAM－1）and　vascular　cell　adhesion　molecule－1
　　　　　　（VCAM－1）．　Having　adhered　to　the　activated　endothelial　layer，　the　monocyte　then　undergoes　diapedesis　between　intact
　　　　　　ECs　to　penetrate　into　the　tunica　intima（innermost　layer　of　the　arterial　walD．　Various　chemokines　seem　to　participate
　　　　　in　this　process，　particularly　monocyte　chemoattract　protein－1（MCP－1）by　interaction，　with　its　receptor　CCR2．　Once
　　　　　resident　within　the　intima，　the　monocyte　acquires　the　charactehstics　of　a　tissue　macrophage．　In　atheroma　in　particu－
　　　　　1ar，　the　macrophage　expresses　scavenger　receptors　that　bind　internalized　modified　lipoprotein　particles．　These　proc－
　　　　　esses　give　rise　to　the　arterial　fbam　cell，　a　hallmark　of　arterial　lesions．　The　fbam　cell　secretes　pro－inflammatory
　　　　　cytokines　which　amplify　the　local　innalnmatory　response　within　the　lesion　as　well　as　reactive　oxygen　species（ROS）．
　　　　　Macrophages　Inay　die　in　this　location，　some　by　apoptosis，　hence　producing　the　necrotic　core　of　the　atherosclerotic　le－
　　　　　sion．　In　addition，　once　resident　in　the　arterial　intima　a　T－cell　may　encounter　antigens　such　as　oxidized－LDL（Ox－LDL），
　　　　　and　then　produce　cytokines　that　can　influence　the　behavior　of　other　cells　present　within　the　atheroma．　In　the　SMC，
　　　　　LPC　can　induce　oxidative　stress，　adhesion　molecules，　release　ofinflammatory　cytokines，　and　chemokines，　thereby　lead－
　　　　　ing　to　SMC　hypertrophy，　migration，　and　inflammatory　responses．　Numbering　of　the　di施rent　points（1～9）where　LPC
　　　　　has　ef艶cts　refbrs　in　the　text，
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　　　　　　LPC－induced　abnormalities　of　vascular　tone（through　both　decreased　endothelium－dependent　relaxation　and　aug－Fig．4
　　　　　　mented　smooth　muscle　contraction）．　Arg，　arginille；EC，　endothelial　cell；EDHF，　endothelium－derived　hyperpolarizing
　　　　　　飽ctor；eNOS，　endothelial　nitric　oxide　synthase；ERK，　extracellular　signal－regulated　kinase；G，　G－protein；NO，　　 　　　　　　　　　　　　　　　　 　　　　　　　　　　　　　　 　　　　　　　　 　　　　　　　 　　　　　　　　　　　　　　　　　 　　　　　　　　　　　　　　　nitric
　　　　　　oxide；PKC，　protein　kinase　C；PLD，　phospholipase　D；PTK，　protein　tyrosine　kinase；R，　receptor；ROK，　Rho－kinase；
　　　　　　SMC，　smooth　muscle　cell、　Numbering　of　the　dif民rent　points（1～9）where　LPC　has　effbcts　relbrs　in　the　text．
generation　of　soluble　vessel　wall－derived　monocyte
chemoattractants，　such　as　monocyte　chemoattractant
protein（MCP－1）（see　below）（Fig．3）．　Activated　ECs　ex－
press　several　types　of　leukocyte－adhesion　molecules，
and　these　cause　blood　cells　rolling　along　the　vascular
surfごce　to　adhere　at　the　site　of　activation［2，3，88】．1η
りIZro　studies　have　identified　three　molecules－－inter－
cellular　adhesion　molecule－1（ICAM－1）［89］，E－selectin
lendothelia1－leukocyte　adhesion　molecule－1（ELAM－
1）］［90］，and　vascular　cell　adhesion　molecule－1
（VCAM－1）［91］一一〇n　the　endothelial　surface　that　are
inducible　and　thereby　support　the　adhesion　of　various
leuko ytes，　includi g　monocytes［13，92］．Moreover，　P－
selectin，　a　member　of　the　selectin　family，　is　rapidly
translocated　from　plateletα一granules　and　EC　Weibel－
Palade　bodi s　to　thei 　respective　cell　surfhces　a丘er　ac－
tivation　by　inflammatory　mediators［93］．P－selectin　is
now　known　to　be　largely　responsible　fbr　the　first　step
in　leukocyte－endothelial　interaction（i．e．，　rolling），　thus
伍cilitating　Polymorphonuclear　leukocyte　activation
and　adherenc ［94】．　LPC　is　also　a　chemotactic血ctor
fbr　human　monocytes（point　l　in　Fig．3）【33］．　At　non一
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toxic　concentrations，　LPC　can　selectively　upregulate
the　expression　of　certain　inducible　endothelial　leuko－
cyte－adhesion　molecules，　in　particular　VCAM－1　and
ICAM－1，　in　cultured　human　and　rabbit　ECs，　thus　sug－
gesting　a　potential　role　in　leukocyte　recrui七ment［73］
（point　2　in　Fig．3）．　Moreover，　in　the　rat　mesenteric
microvasculature仇ujuo，　LPC　induces　leukocyte　roll－
ing　and　adherence　by　increasing　the　sur白ce　expres－
sions　of　P－selectin　and　ICAM－1，　effbcts　that　may　be
attributable　to　reduced　nit亘c　oxide（NO）release　since
inhibition　of　endothelial　NO　release　promotes　P－
selectin　exP「ession［75］．
　　　Another　important　proatherogenic　molecule　is
MCP－1［16］．MCP－1　is　an　immediate　early　gene　and　is
induced　by　growth　factors　and　inflammatory
cytokines［95］．MCP－1，　which　recruits　monocytes（pre－
cursors　of　fbam　cells）into　the　arterial　wall［87］，has
been　shown　to　mediate　Ox－LDL－induced　monocyte
chemotaxis　in　co－cultures　of　VSMCs　and　ECs［96］．　In
mouse　models　of　atherosclerosis，　a　deficiency　of　MCP－
1［97，98］or　its　receptor，　CCR2［99］，has　been　reported
to　lead　to　a～50－80％reduction　in　lesion　size，　while
overexpression　of　MCP－1　has　been　fbund　to　accelerate
atherosclerosis　progression　【100］，　thereby　providing
direct　evidence　of　the　pathophysiological　importance
of　MCP－1．　LPC－induced　monocyte　chemotaxis　could
result　fをom　the　direct　chemotactic　ef丘ct　of　LPC　de－
tected仇碗ro［33】．　However，　an　indirect　mechanism
involving　MCP－1　induction　is　still　a　quite　important
possibility　because　of　the　celltral　role　that　MCP－1
plays　in　atherogenesis［97，98，100］，and　this　may　rep－
resent　a　final　common　pathway　fbr　many
proatherogenic　fごctors．　LPC　has　been　reported　to　in－
duce　an　increase　in　MCP－1　mRNA　levels　and　stimu－
1ate七he　release　of　MCP－1　protein　from　human
vascular　ECs［74，101］（point　3　in　Fig．3），　and　the　ef二
fbct　of　LPC　on　the　MCP－1　gene　may　be　media七ed
through　activation　of　the　protein　kinase　C　（PKC）
pathway［741．　In　addition　to　ECs　and　macrophages，
VSMCs　are　another　major　source　of　MCP－1　within　the
vessel　wall［82，102］．　In　VSMCs，　LPC　stimulates
MCP－1　expression　at　the　transcriptional　level［82］，
and　this　induction　of　MCP－1　expression　partially　in－
volves　MEK！ERK，　a　tyrosine　kinase（s），　and（to　a
lesser　ex七ent）PKC，　but　not　activation　of　the　platelet
de亘ved　growth　factor（PDGF）recep七〇r［82】．　Since
LPC　is　a　m勾or　component　of　Ox－LDL（see　above），　hlr．
七her　elucidation　of　the　pathways　by　which　LPC　in．
duces　MCP－1　production　will　increase　our㎞owledge
of　the　molecular　mechanisms　responsible　fbr　the　po－
tent　atherogenic　e脆c七s　of　this　modified　lipoprotein．
3．1．1．Eff巴ts　of　LPC　on　monocytes／macrophages
　 　Monocytes　recruited　through　the　activated　endo－
the ium　diffbre tiate　into　macrophages（Fig．3）．　A
cytokine　or　growth　factor　produced　in　the　inflamed
intima（namely，　macrophage　colony－stimulating　fごc一
七〇 ）induces　the　monocytes　entering　the　plaque　to　dif
飴rentiate　into　macrophages．　This　step　is　critical　fbr
the　development　of　atherosclerosis［2，103】．　The　up－
take　of　modified　LDL　particles（e．g．，　Ox－LDL）through
scavenger　receptor（s）apPears　to　contI元bute　to　intra－
cellular　lipid　accumulation　and　transfbrmation　of
these　macrophages　into　fbam　cells．　In　the　process　of
負）am－cell　fbrmation，1．PC　induces　f㎞rther　scavenger－
eceptor expression　on　the　sur白ce　of　the　macrophage
［104］（point　4　in　Fig．3）．　In　this　way，　LPC　augments
fbam－cell　fbrmation（point　5　in　Fig．3）．　Moreover，　the
macroph ges　within　an　atheroma　secrete　a　number　of
growth　fact rs　and　cytokines　involved　in　lesion　pro－
gression　and　elaboration［4，103］，and　they　also　repli－
cate　w thin the　intima［103］．　LPC　is　involved　in　the
production　 f　these　f5ctors　by　macrophages（Table　2）．
For　instance，　it　stimulates　interleukin－1　beta（ILIB）
production　by　monocyもes　in　a　dose－and　time－
depend nt manner　at　both　protein　and　mRNA　levels
［67】．The　acyl－chai 　length　of　LPC　is　important　fbr
this　stimulating　ef壬bct，　no　eflbct　being　evident　when
the　acyl－chain　is　less　than　C　16．　Saturation　is　also　im－
portant，　since　LPC　18：0　reportedly　has　a　much　more
powerf廿l　effbct　than　IPC　18：1［67］．　II．－1B，　which　has
been　fbund　within　human　and　monkey　atherosclerotic
lesions［4】，　is　potent　at　al七ering　endothelial－cell　fUnc－
tion　and　regulating　VSMC　mitogenesis，　and　it　plays　a
role　in　the　recruitment　of　leukocytes　into　the
subendothelial　space．　This　may　lead　to　a　positive　fbed－
back mechanism　between　LPC　and　ILIB　that　serves
to　sustain　the　in且ammatory　process．
3．12．Ef民cts　of　LPC　on　T・cells
　　　Activated　T－lymphocytes　are　fbund　in　early　and
late　atherosclerotic　lesions，　constituting　up　to　30％of
the　cells　within　the　lesion，　and　they　may　react　to
modified　LDL．　Global　T－cell　suppression　by　cytotoxic
age ts　af匙cts the　progression　of　atherosclerosis，
whereas　the therosclerotic　plaque　provides　co－
stimulatory　signals　generally　required　fbr　adequate　T－
cell　stimulation　and　fbr　the　Inediation　of　cellular
immune　mec anisms［103］．The　early　and　late　stages
of lesion　development　are　associa七ed　with　T－
1ymphocyte　in丘 tration，　and　with　immune　activation
of　both　their　cyt kine　production　and　the　humoral　re－
sponse　t 　antigens（Fig．3）．　More　than　two－thirds　of
一 123一
Proc．　Hoshi　Univ．　No．50，2008
the　T－1ymphocytes　within　atherosclerotic　plaques
have　been　identified　as　memory（CD450＋）T－cells
［105］．Nonactivated　CD4　T－cells　are　also　fbund　within
such　plaques，　although　their　role　is　un㎞own．　It　ap－
pears　that　CD4　T－cell　f㎞nctions　may　be　modulated　di－
rectly　by　oxidized　epitopes　and　chemokines．
Treatment　of　anti－CD3－activated　CD4　T－cells　with
LPC　has　been　shown　to　enhance　the　expressions　of
CD401igand（CD40L）【106］and　cytokine－induced　in－
terfbron　gamma（IFN一γ）［70］仇就ro　in　the　absence　of
antigen－presenting　cells（point　6　in　Fig．3）．　CD4　T－
cells　express　CXCR4，　a　member　of　the　CXC
chemokine－receptor　family．　Stromal　cell－derived
血ctor－1（SDF－1），　an　exclusive　ligand　fbr　CXCR4，　is
highly　expressed　in　atherosclerotic　lesions［88，107］，
and　is　a　chemoattractant　fbr　CD4　T－cells　and　a　stimu－
lator　of　chemotaxis仇ひ‘Zro［108］．　SDF－1　has　been
shown　to　enhance　both　cell－membrane　CD40L　expres－
sion　and　the　production　of　the　inflammatory　cytokines
IFN一γand　IL－12　in　an6－CD3－activated　CD4　T－cells
I109］．　In　human　CD4　T－cells，　LPC　upregulates
CXCR4［71］，an　ef民ct　that　can　be　suppressed　by　inhi－
bition　of　nuclear　factor一κB（NF一κB）signaling　or　by
suppression　of　the　expression　of　G2A，　the　putative　re－
ceptor負）r　LPC（see　below）．　Moreover，　LPC　enhances
the　CD4　T－cell　chemotaxis　seen　in　response　to　SDF1，
as　well　as　the　SDF－1－stimula七ed　production　of　the　in－
flammatory　cytokines　IL－2　and　IFN一γ［71］．Thus，　the
presence　of　LPC　and　SDF－1　within　a七herosclerotic　le－
sions　may　trigger　innammatory　responses　mediated
by　CD4　cells，　and　these　may　play　an　important　role　in
the　progression　of　atherosclerosis．
3．1．3．Eff㎏cts　of　I．PC　on　ECs
　　　Atherosclerosis　is　associated　with　alterations　in　a
variety　of　endothelial　f㎞nctions【2，5，8，55，103］．The
pro－inflammatory　ef丘cts　of　LPC　in　ECs　have　been
widely　described（point　7　in　Fig．3）（Table　2）．　In　fact，
1．PC　can　induce　expressions　of　ICAM－1，　VCAM－1，　P－
selectin，　plasminogen　activator　inhibitor－1，　MCP－1，
cyclooxygenase－2　（COX－2），　endothelial　nitnc　oxide
synthase（eNOS），　and　growth　fごctors　in　ECs（Table　2）
［110－116］．COX－2，0ne　of　two　isofbrms　that　catalyze
the飴㎜ation　of　prostaglandins仕om　arachidonic　acid，
has　been　detected　in　macrophages，　SMCs，　and　ECs
within　human　atherosclerotic　lesions［117］．　SeveraI
studies　have　also　fbund　tha七COX－2　is　involved　in　the
destabilization　of　atherosclerotic　plaques，　leading　to
r叩ture　and　atherqthrombotic　syndromes　［117］．
Induction　of　COX－2　expression　leads　to　the
extracellular　secretion　of　prostanoids，　which　then
stimu a七e　cell　growth［118，119］．
　　　eNOS　plays　a　crucial　role　in　blood－pressure　ho－
meo tasis　and　Inaintaining　in　vascular　integrity［16，
120－122］．LPC　has　been　shown　to　stimulate　the　EC
production　of　reactive　oxygen　species（ROS）［123，124］
and　to　increase　 NOS　expression　via　enhanced　tran－
scription［111，116，125］．Deletion　analysis　of　a　human
eNOS　promoter－luci brase　construct　led　to　Spl　sites　at
－104to－90　and　PEA3　sites　at－40　to－24　being　identi一
五ed　as　f5ctors　in　LPC－induced　promoter　activity［125］．
Gel－shift　assays　have　revealed　that　LPC　augments
Sp1－binding　activity［125］．　Subsequent　analysis　of　the
signa ing　events　involved　in　the　stimulatory　eflbc七s　of
LPC　on　promoter　activity　revealed　a　PI－3Kγ一related
pathway［1261．　In　this　pathway，　PI－3Kγ　activates
JAK2，　which　 n　tum　activates　MEK1．　MEKI　then
stimulates　the　binding　of　Spl　to　the　eNOS　promoter
through　activation　of　ERK1／2，　and　subsequently　in－
creases　protein　pho phatase　2A　activity【125，126］．
During　the　last　fbw　years，　it　has　become　clear　that
ROS　produced　in　mammalian　cells　can　serve　physio－
logical roles　as　signaling　molecules，　although　when
produced　in excess　they　can　participate　in　the　initia－
tion　of　disease．　Increased　expression　of　eNOS　may
represent　 　 ompensatory　mechanism　to　preserve　bio－
logical　levels　of　NO　in　the　face　of　increased　ROS　pro－
duction．　This　compensatory　mechanism　may　explain
the　observa ions　of　increased　eNOS　levels　and　NO
production　in　certain　pathophysiological　states，　such
as　hypert nsion［127］，atherosclerosis［128］，and　some
models　of　diab tes［129］．
　　　Conceivably，　LPC　could　induce　gene　transcription
fbr　a　great　variety　of　molecules　expressed　in　the　endo－
thelium　of　atherosclerotic　arteries．　For　example，　LPC
activates　PKC［130，131】，which　leads　to　expression　of
ICAM－1　in　isolated　porcine　coronary　arterial　endothe－
lium［132］．The　promotor　regions　of　the　LPC－inducible
genes　in　ECs　have　several　binding　sites］br　transcrip－
tion factors such　as　NF一κB　and　activator　protein－1
（AP－1），　and　the　activities　of　NF一κB　and　AP－1　are
known　to　be　in　part　modulated　by　the　PKC　signal－
transduction system［133，134」．　Thus，　LPC　could
regula e　the　DNA－binding　activities　of　these　tran－
scription　fらctors　through　the　mechanism（s）involved
in　a　PKC－mediated　pathway，　leading　to　the　induction
of　a　number　of　the　endothelial　genes　implicated　in
atherosclerosis．　Indeed，1．PC　can　induce　biphasic
regulation　of　NF一κB activity　in　human　vascular　ECs，
a 　this　eflbct　is　partly　mediated　through　a　PKC－
dependent　pathway［135】．　LPC　could　play　an　impor－
tant　role　in　t e　pathogenesis　of　atherosclerosis　by
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modulating　the　expressions　of　some　endothelial　genes
through　a　regulation　of　the　activation　of　the　transcrip－
tion　factors　NF一κB　and　AP－1　in　atherosclerotic　arte－
rial　walls．
3．1．4．Effbcts　o肌PC　on　VSMCs
　　　　Transfbrmation　of　VSMCs仕om　a　contractile　phe－
no七ype　to　a　prolijbrative／secretory　phenotype　is　a　hall－
mark　of　atherogenesis　［136］．　Vascular－wall
remodeling，　manifbst　as　increases　in　prolifbration　and
apoptosis，　is　an　important　step－－in　combination　with
an　increase　in　the　synthesis　and　release　of　inflamma－
tory　cytokines－－in　the　generation　and　maintenance　of
the　atherosclerotic　plaque［13，16］．　LPC　s七imulates
七he　productions　of　IL－6，　II」－8，　and　granulocyte－
macrophage　colony　stilnulating　factor（GM－CSF）in
human　coronary　artery　SMCs［137］．The　IL－6　secreted
丘om　VSMCs　makes　an　important　contribution　to　in一
且ammation，　in　part　by　inducing　B－cell　diflbrentiation，
T－cell　activation，　and　the　synthesis　of　such　acute－
phase　proteins　as　C－reactive　protein（CRP）and　fi－
brinogen　in七he　liver［16］．　II．－6　also　increases　SMC
prolifbration　in　a　PDGF－dependent　manner［161．IL－8，
which　is　predominantly　released　by　macrophages　and
ECs，　has　multiple　ef民cts，　including　neutrophil
chemotaxis，　activation　of　5－lypoxygenase，　and　the　re－
lease　of　cell　matrix－resorbing　gelatinase　and　elastase．
Stimulation　of　IL－6　and　IL－8　release　by　LPC　in　SMCs
could　represent　a　pleiotropic　role　fbr　LPC　in
atherogenesis，by　stimulating　both　inflalnmatory（eg．，
chemotaxis　and　lipoxygenase　activation）and　remodel－
illg　pathways（e．g．，　prolifbration　and　matrix　protease
activity）in　multiple　cell－types　within　the　vascular
wall．　The　prolifbrative　ef丘c七〇f　LPC　in　SMCs　is　also
due　to　the　autoc亘ne　actions　of　basic　fibroblast　growth
飴ctor－2（FGF－2）upon　its　release　in　response　to　LPC
s七imulation［138］．This　raises　an　interesting　potential
role　fbr　LPC　as　a　mediator　of　vascular－wall　remodel－
ing　in　atherosclerosis，　involving　stimulation　of　both
inflammation　and　cell　prolifbration（point　8　in　Fig．3）．
3．1．5．LPC　and　apoptosis
　　　　The　development　of　the　atherosclerotic　plaque　de－
pends　upon　the　balance　between　the　mitosis　and
death　of　both　the　resident　cells　and　those　recruited
into　the　lesion．　Over　the　past　fbw　years，　a　role　fbr　pro，
grammed　cell　death　in　the　pathogenesis　of
atherosclerosis　has　been　clearly　demonstrated．
Disruption　of　the　normal　apoptotic　process　may　lead
to　immune　dysregulation，　chronic　local　innammatory
responses，　and／or　rup七ure　of　complex　atherosclerotic
plaques　［139］．　It　has　recently　been　discovered　that
LPC　fhnctions　as　a　major　mediator　in　both　inflamma－
tion　and　apoptotic　cell　death，　with　recognized　effbcts
on　multiple　iml皿ne　cell－types（point　9　in　Fig．3）．　The
leading　role　of　LPC　as　an　at七rac七ion　signal　in　the　proc－
ess　of　programmed　cell　death　has　been　shown　by
I．auber　eZαZ．［140］，　who　fbund　that　the　disposal　of
apoptotic　cells　is　initiated　by　the　secretion　of　LPC　as
achemo七actic　signal　that　induces　the　recrui七ment　of
phagocytes．　Moreover，　Zurgil　eταZ．【72］suggested　that
LPC　tr ggers　apoptosis　in　activated　peripheral　blood
lymphocytes，　in　association　with　an　increased　genera－
tion of　reactiv xygen　species（ROS）and　an　increase
in the Bax刀Bcl－2　ratio．　Actually，　LPC　induces
apoptotic　cell　death　not　only　of　lymphocytes，　but　also
of　other　cells（Table　2）（point　9　in　Fig．3）．　Trea七ment　of
ECs　with　LPC　stimula七es　several　intracellular　signa1－
ing　events：　activation　　of　caspase－3，　Ca2＋　influx，
phospho ylation　of　MAP　kinases，　and　production　of
ROS，　all　of　which　can　lead．to　apoptosis　［141］．
Moreover，　a　novel　interaction　between　LPC　and　pro－
apoptotic　Bid　protein　has　been　shown　to　prime　mito－
chondria負）r　the　release　of　apoptogenic　factors［142］．
　　　All　the　evidence－including　the　reported　ef丘cts　of
LPC　on such　cells　as　ECs，　VSMCs，　monocytes／1nacro．
ph g s，　and　T－c lls－－implies　that　LPC　may　play　an
activ role　in　atherogenesis，　and　moreover　that　the　se－
1 ctive　inh bition　of　LPC　could　represent　a　novel　strat－
egy　　丑）r　the　inhibition　　of　the　progression　　of
atheroscler sis．
3．2．1．PC　and　vascular　tone
3．2．1．1・PC　and　endothelial　dysfunctioll
　　 everal lines　of　evidence　suggest　that　endothelial
dysf㎞nction plays　a　key　role　in　the　development　of
both　macro－and　microangiopathy　in　patients　with
such　　innammatory－associated　　diseases　　as
atherosclerosis，　hypercholesterolemia，　and　diabetes，
and　in　 n mal　models　of七hese　diseases［143－156］．The
endo helium　controls　vascular　smooth　muscle　tone
through　the　production　of　vasodila七〇r　mediators　such
as　NO，　prostacyclin（PGI2），　and　a　stilLelusive　endo－
thelium－derived　hyperpolarizing　factor（EDHF）［150，
151，157，158］．Current　evidence　suggests　that　LPC
i hibit 　endothelium－dependent　relaxations　（EDRs）
mediat d　by　endothelium－derived　relaxing　factors，
and　it　is　likely　that　LPC　causes　vascular　spasm［80，
130，132，157，160］（Fig 4）．　Indeed，　we　alld　others
have　demonstrated　that　the　EDR　induced　by　ACh　is
greatly attenu ed　by　pretreatment　with　LPC［80，
160，161］．Some　years　ago，　Kugiyama　et　al．［130】
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fbund　that　LPC　inhibited　thrombin－induced　inositol
triphosphate（IP3）production　and　attenuated　ICa2＋］i
elevations　in　human　umbilical　vein　endothelial　cells
（HUVECs），　and　they　also丘）und　that　thrombin－
induced　EDR　in　aorta　was　inhibited　by　LPC．　In　addi－
tion，　Murohara　eταZ．［162】reported　that　LPC　elicited
afUrther　contraction　on　top　of　the　pla七eau　con七raction
evoked　by　prostaglandin　F2、　in　the　pig　coronary　ar－
tery；they　suggested　that　this　additional　contraction
was　caused　by　LPC－mediated　inhibition　of　endothe－
lium－derived　NO　release．　Furthermore，　Cowan　and
Stef丘n［163］fbund　that　in　rabbit　abdominal　aorta，
LPC　inhibits　the　EDRs　mediated　by　NO　and　EDHF　in
amanner　independent　of　PKC　activation．　Fukao　eZαZ．
【79］noted　that　in　the　rat　mesenteric　artery，1、PC　spe－
ci丘cally　inhibits　the　hyperpolarization　and　relaxation
due　to　EDHF（versus　the　relaxation　due　to　endothe－
lium－de亘ved　NO）．　Although　these　results　suggested
that　LPC　might　cause　endothelial　dysfhnction　via　a
reduced　produc七ion　of　and／or　impaired　signaling　by
endothelium－derived　relaxing　fごctors（i．e．，　NO　and
EDHF），　several　reports　have　suggested　that　the　I．PC．
mediated　impairment　of　EDR　can　be　a七tributed　to　in－
terventions　in　several　signaling　pathways（Fig．4）．　For
instance，　LPC　impairs　high－af五nity　arginine　trans－
port　in　ECs，　thereby　disrupting　arginine　uptake［164］
（poin七1in　Fig．4）and　also　blocks　G－protein－dependent
signal－transduction　pathways　by　selective　uncoupling
of　the　receptor　f士om　the　G－protein［165］（point　2　in
Fig．　4）．　LPC　has　been　負）und　to　stimulate
phospholipase　D（PLD）ac七ivity　in　human　cultured　EC
［166］（point　3　in　Fig．4），　while　in　isolated　blood　vessels
aclose　association　has　been　documented　between　the
ability　of　LPC（and　o七her　mediators）to　stimulate　vas－
cular　PLD　ac七ivity　and　inhibit　EDR［167］．　LPC　may
also　af丘ct　endothelial　fhnction　by　stimulating　the　en－
dothelial　PKC　pathway［168］（point　4　in　Fig．4），　which
causes　sustained　vasoconst㎡ction　upon　stimulation　by
agonists　such　as　phenylephrine，　angiotensin，　and
thrombin．　PKC　is　also　associated　with　increased
superoxide　production［169，170］，which　may　inter飴re
with　NO　bioavailability．　Indeed，　LPC　can　activate　en－
dothelial　NAD（P）H　oxidase，　thereby　enhancing
superoxide　production［170］．Future　studies　will　be　re－
quired　to　elucidate　the　mechanism　underlying　LPC－
induced　endothelial　dysfhnction．
3．2．2．LPC　and　vasclllar　smooth　muscle　tone
　　　It　is　known　that　LPC　acts　directly　on　vascular
smooth　muscle　to　af壬bct　vascular　tone．　Exposure　to
LPC　causes　Ca2＋influx　in　cultured　VSMC【171－174］
（point　5　in　Fig．4）．　I 　has　also　been　reported　that　in　the
ra 　pemeabilized　small　mesenteric　artery，　LPC　in．
creases　Ca2＋　sensitivity　via　PKC　activation　【175］
（poin 　6　in　Fig．4），　while　in　the　rat　isolated　pe㎡used
mesente亘c　a仕erial　bed，　LPC　　potentiates
p enylephrine　responses　through　a　modulation　of
thromboxane　A2［176】．In　addition，　we　fbund　in七he　rat
endothelium－denuded　aorta　that　while　LPC　did　not　it－
self　produ e　contraction，　it　potentiated　the　vascular
contractil 　responses　induced　by　high－K＋，　UK14，304
（5’－bromo－6－［2－imi azolin－2－yl－amino］－quinoxaline）（a
select ve　α2－adrenoceptor　agonist），　and　phorbol　ester
［177】．Since　LPC　markedly　potentiated　the　UK14，304－
induced　contraction，　and　the　UK14，304－induced　re－
sponse　was　strongly　inhibited　by　PKC　ihhibitors
［177］，it　would　seem　that　LPC　potentiates　the　eleva－
tion　of［Ca2＋］i　induced　by　PKC　activation　in　the　rat
aorta，　and　it　may　selectively　potentiate　theα一adren
oceptor－s mulated　contraction　mediated　by　PKC　acti－
vation．　In　that　stud ，　LPC　was　still　able　to　potentiate
the　high　K＋－induced　contraction　in　PKC　inhibitor－
treated　tissues，　suggesting　that　PKC－independent
mechanisms are　also　involved　in　the　enhancing　eflbct
of　LPC　on　smooth muscle　contraction　in　the　rat　aorta．
　　　It　is　w ll㎞own　that　the　protein　tyrosine　ldnase
（PTK）and　ERK（a　subfごmily　of　MAPK）pathways　are
implicated　in　a　wide　range　of　cellular　filnctions，　in．
cluding　cell　growth，　dif董brentiation，　prolifbration，　and
vascular　contraction［178－181］．It　has　been　shown　that
LPC　has　a　mitogenic　ef丘ct　on　VSMCs［171，182，183］
and　that　activation　of　membrane　or　cytoplasmic　PTKs
may　play　a　key　role　in　LPC－induced　mitogenic－
signaling　responses［184】．Moreover，　OzakiθταZ．［185］
reported　that　in　bovine　aortic　ECs，1．PC　activates七he
ERK－and cゴμηN－terminal　kinase（JNK）－MAPK　cas－
cade　via　a PTK－dependent　pathway．　Indeed，　several
stud es　have　demonstrated　that　in　a　number　of　ves－
sels，α2－adrenoceptor－mediated　vasoconsthction　oc－
curs　through　activation　of　ERK2　［180，185】．　Our
prev ous　studies［186，187】demonstrated　that　LPC
potenti 七es　cont actile　responses　in　the　endothelium－
denuded　aor a via　activation　of　PTKs　and／or　ERK，
which　in　tum　regulates　Ca2＋in且ux，　and　we　reported
elsewhere　that PD98059（an　inhibitor　of　ERK）mark－
edly　attenuated the　contraction　and　ERK2　activity　in－
duced　by　UK14，304［188］（points　7＆8in　Fig．4）．
Moreover，　the　po七entiating　ef』ts　of　LPC　on
UK14，304－i duced　contraction　and　ERK2　activity
were　also　inhibited　by　PD98059．　These　results　sug－
gest　that　both七he　UK14，304’induced　contraction　and
its　modulation　by　LPC　may　be　regulated　via　the　ERK
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pathway．
　　　It　has　become　apparent　in　recent　years　that　the
ef艶ct　of　constrictor　agonists　may　be　explained　not
only　by　an　elevation　of［Ca2＋］i，　but　also　by　a　decrease
in　the　activity　of　smooth　muscle　myosin　phosphatase
（SMMP），　with　these　two　events　leading　ultimately　to
an　increased　phosphorylation　of　the　myosin　light
chain［189］．Although　the　regulation　of　SMMP　is　not
yet　completely　understood，　SMMP　has　been　identi6ed
as　a　target　fbr　Rho－kinase，　which　is　regulated　by　the
small　GTP－binding　pro七ein，　RhoA［189］，and　stimula－
tion　of　this　signaling　cascade（involving　RhoA，　Rho－
kinase，　and　SMMP）has　been　termed　Ca2＋－
sensitization【189］．　Ca2＋－sensitization　seems七〇be　not
only　of　m司or　importance　fbr　the　regulation　of　vascu－
lar　tone，　but　to　be　critically　involved　in　the　develop－
ment　of　vasospasm　in　large　and　small　arteries［190，
191］．It　has　been　demons七rated　that　mildly　oxidized
LDL　can　stimulate　the　RhoA！Rho－kinase　pathway　in
ECs［192］．　Moreover，　Galle　eZαZ．［193］reported　tha七
LPC　and／or　OxLDL　stimulate　the　RhoA　pathway，　re－
sulting　in　a　potentiation　of　angiotensin　II－induced
vasoconstriction（point　9　in　Fig．4）．
　　　　Yeon　eταZ．【194］observed　that　in　rabbit　coronary
SMCs，　LPC　decreased　the　delayed　recti丘er　K＋cu皿ent
（Idk），　and　that　a　PKC　inhibitor　suppressed　the　LPC－
induced　inhibition　of　Idk．　There　is　other　evidence　to
suggest　that　PKC　inhibits　I雌［1951，　which　determines
the　resting　membrane　potential　in　the　rabbit　coronary
SMCs［196］，and　that　depolarization　of　the　membrane
potential　by　inhibition　of　Idk　increases［Ca2＋】i　by　open－
ing　voltage－dependent　Ca2＋channels，　leading　to　an　in－
crease　in　vascular　tone［197］．　Hence，　an　LPC－induced
inhibition　of　Idk　may　be，　at　least　in　part，　responsible
五）rthe　abnormal　vascular　reactivity　seen　in　the
atherosclerotic　coronary　artery．　Taken　together，　the
above　data　suggests　that　LPC　induces　a　dysregulation
of　vascular　tone　through　the　ef飴cts　of　several　mole－
cules　in　ECs　and　VSMCs．
3．3．1．PC　and　signal　transduction
　　　As　mentioned　above，　both　the　biological　eflbcts
and　the　signaling　proper七ies　of　LPC　have　been　studied
仇ひ諺ro　in　cells　that　are　important　in　atherosclero8is，
including　ECs，　SMCs，　monocytes，　and　lymphocytes
（Table　2）．　LPC　can　activate　several　second　messengers
－－ including　PKC，　PLC，　PI、D，　ERKs，　PTKs，　and　Ca2＋
［54，77，173，174，185，188トーimplicating　the　engage－
ment　of　transduction　mechanisms　in　the　observed　ef
fbcts　of　LPC．　Moreover，　LPC　activates　the　redox．
sensitive　transcription　factors　NF一κB［135】and　AP－1
［1331through　the　MAPK　and　PKC　pa七hways．　LPC　is
also㎞own　 o　 nhance　cAMP　response　element－
binding　protein（CREB）／activating　transc亘ption　f這c－
tor activity　in　ECs［199］．　As　mentioned　above，　LPC
has　been　demonstr t d　to　be　atherogenic，　but　certain
a ti－a herogenic　actions　of　I、PC　have　also　been　re－
ported［60，200］．　It　will　be　important　to　determine
whether　this dual　fhnction　of　I．PC　is　related　to　a）re－
ceptor－mediat d　vs．　receptor－independent　ef董bcts，　or　b）
ef丘cts　of　LPC mediated　via　dif｛bren七types　of　pro－
teins／receptors．
　　　Afbw years ag ，　orphan　GPCRs　were　identified
as　receptors　fbr　I．PC，　and　it　was　reported　that　LPC
b nds　to　G2A　and　GPR4，　two　Gi－protein－coupled　re－
ceptors， and　thereby　regulates　both　cell　growth　and
imm皿ologic　responses［201－203；however，　see　below］．
Rikitak 　eεαZ．【204］demonstrated　that　G2A　is　abun－
dant y　expressed　in　monocytes／macrophages，　and
stimulation　of　macrophage　and　T－cell　chemotaxis　by
LPC　is　m iated　by　G2A［205－207］．　This　might　sug－
gest　that　G2A　promotes　monocyte　or　T－cell　recruit－
ment　into　the　art rial　wall　during　atherogenesis．
Further，　Parks　eταZ．　fbund　that　in　G2A≠LDLR≠mice，
intimal　macrophage　accumulation　at　lesion－prone
si es　in　the　aor a　was　reduced　in　the　absence　of　any
detectable　eflbct　on　T－cell　recruitment，　that　and　circu－
lating　high－density　lipoprotein（HDL）cholesterol　was
increase 　a丘er　extended　periods　of　Western－diet　in－
tervention． Thus，　although　G2A　seems　to　provide　a
pr －a herogenic　stimulus仇u鋤that　is　consistent
with　its　chemotactic　action，　a　pleiotropy　of　eflbcts，　in－
c udi m dulation　of　lipoprotein　metabolism，　may
also　contribute　to　its　total　ef丘ct　［208，209］．　On　the
o七her　hand，　Hedrick　and　colleagues　demonstrated　in
mice that　all　absence　of　G2A　promoted
monocy e／ ndothelial　interactions　in　the　aorta［210］，
and that　endothelial　G2A　expression　may　aid　in　the
preventi皿　　 f　vascular　inflammation　　and
atherosclerosis．
　　　　Concerning　GPR4，　LumεεαZ．［211】fbund　that
while　GPR4　mRNA　was　expressed　in　human　vascular
ECs，　G2A　was　no ．　They　therefbre　suggested　that　in
ECs，　GPR4　may　be　a　potential　GPCR　by　which　LPC
signals　proinflamma七〇ry　activities．　Moreover，　Qiao　eτ
αZ．［212］dem ns rated　that　ECs　infbcted　with　a
retroviru 　containing　a　small　interfbrence　RNA
（ iRNA）affbcting　GPR4　exhibit～50％1ess　GPR4　ex－
pression，　with　a　corresponding　partial　prevention　of
the　fbllowing　LPC－mediated　eflbcts：1）decrease　in
transendothelial　resistance，2）stress－fiber五）rmatiol1，
and　3）activation　of　RhoA．　They　suggested　that　the
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dysf㎞nction　of　the　endothelial　barrier　induced　by　LPC
was　regulated　by　the　endogenous　GPR4　within　ECs，
and　suggested　that　GPR4　may　play　an　ilnportant　role
in　the　inflammatory　responses　activated　by　LPC．
Huang　eZαZ．［2131　fbund　that　LPC，　but　not　low　pH，　in－
creased　monocyte　transmigration　and　RhoA　activa－
tion，　and　that　these　LPC－mediated　responses　could　be
blocked　by　reducing　GPR4　expression．
　　　　However，　shortly　after　their　first　description　as
lipid　receptors　［201，202］，　crucial　binding　data　could
apparently　not　be　reproduced，七hus　leading　to　the　re－
traction　of　papers［201，202］concerning　GPR4　and
G2A．　Although　no　direct　action　of　LPC　towards七hese
receptors　has　been　demonstrated，　it　is　possible　tha七
activation　of　G2A　and　GPR4　is　involved　in　some
way（s）in　the　complex　mechanisms　underlying　the
cardiovascular　　effbcts　　of　　LPC　　in　　several
pathophysiological　sta七es．　Although　the　physiological
f㎞nctions　and　endogenous　expressions　of　putative
LPC　receptors，　as　well　as　their　pathological　implica－
tions貴）r　cardiovascular　diseases，　have　yet　to　be　f㎞lly
ehlcidated，　these　receptors　do　seem　to　be　associated　in
some　way（s）with　cardiovascular　diseases．　Future
studies　will　be　required　fbr　the　identification　of　spe－
cific　LPC　receptor（s）and　to　establish　the　relevance　of
their　signaling　to　pathophysiological　states．
　　　　Reports　have　been　made　of　transactivation　of　re－
ceptor　tyrosine　kinase（RTK）in　response七〇stimula－
tion　of　a　number　of　GPCRs（e．g．，　transactivation　of　the
epithelial　growth　factor　receptor　by　GPCR　ligands
such　as　thrombin，　angiotensin　II，　lysophosphatidic
acid，　and　endothelin－1）［214，215］．　That　LPC　plays　a
role　in　the　pathogenesis　of　atherosclerosis　and　sys－
temic　disease　is　well　documented［216］，even　though　a
putative　specific　cel1－surface　receptor　fbr　I、PC　was　not
identi五ed　until　recently　［171］．　Although　it　still　re－
mains　to　be　clari丘ed　which　GPCRs　are　responsible　fbr
the　action　of　LPC，　Fujita　eτα／．［217］recently　fbund
that　I」PC　caused　Flk－1皿）R　transactivation　in
HUVECs．　Since　LPC　has　been　implicated　in　patho・
logical　states　in　vascular　ECs　that　may　be　related　to
the　progressive　pathological　events　of　atherosclerosis，
and　since　Flk－1！KDR　activation　is　an　important　factor
in　atherogenesis　［218］，　1、PC－induced　Flk－1／K］）R
transactivation　could　well　be　a　step　in　the　pathologi－
cal　development　of　atherosclerosis．
　　　　The　mechanisms　by　which　LPC　acts　on　several
target　molecules　have　not　been　completely　elucidated．
LPC　is　an　amphiphile　possessing　a　charged
headgroup，　like　phospholipids，　but　it　has　only　a　single
aliphatic　hydrocarbon　chain　as　a　consequence　of　the
hydrolytic　cleavage　of　one　of　the　two　aliphatic　hydro－
carbon　groups of　phosphatidylcholine［219］．As　an　in－
termediate　in the　metabolism　of　phosphatidylcholine，
LPC　is　present　in　a　variety　of　mammalian　tissues
［220］，and　it　has　several　theoretical　sites　of　action　in
cells． For　ex mple，　LPC　can　readily　incorporate　into
the　sarcolemma，　and　incorporation　of　LPC　into　the
Inembrane　phospholipid　bilayer　results　in　a　signifi－
cant　pe turba七ion　　of　the　orderly　　packing　　of
phospholipid　mo ecules　and　an　alteration　of　the　nor－
mal　confbrmation　of　integral　membrane　proteins，　such
as　io －channels［221】．Moreover，　LPC　may　interact　di－
rectly　with　target　molecules　such　as　ion－channel　pro－
e ns．1、PC　has　e sy　access　to　both　the　intracellular
and　extracellular　sides　of　the　membrane，　and　it　may
bind　to　channel　proteins　so　as　to　alter　the　conductance
of　the chann ls．　Indeed，　a　recent　report　suggested　that
LPC　directly　activates　the　TRPC5　calcium　channel
［222】．Moreover，　LPC　may　indirectly　modulate　mole－
cules　through　secondary　intermediates，　such　as
superoxide　anions［123，169］．Future　detailed　studies
of　th chemic l　requirements　of　such　eflbcts　will　re－
solve　these　iss es．
　　　　The　above　findings　highlight　the　possible　biologi－
cal　role　of　LPC　and　provide　new　molecular　insights
into　 he　activation　mechanisms　by　which　LPC　may　af
免 　cellular　signaling　pathways．　Fu七ure　research　into
the　rol s　played　by　vascular　signaling　mechanisms　in
the　vascular　pathology　of　atherosclerosis　and　associ－
ated　diseases　should　continue　to丘）cus　on　physiological
and　therapeutic　means　of　inhibiting　the　LPC　signal－
transduction cascade．
4．Conclusi ns
　　　 There　is　now　considerable　evidence　fbr　a　role　of
LPC　 n a herogenesis．1πujτro　studies　have　demon－
strated　that　I．PC　has　eflbcts　on　vascular　wall　cells
that　could　con七］dbute　to　all　stages　of　atherosclerosis．
Determinat of　the　pathophysiological　fimctions　of
LPC　an ts　receptors　is　of　primary　importance，　par．
ticularly　since　they　are　likely　to　be　involved　in　many
important　biological　systems　and　processes，　such　as
the　cardiovascula 　system，　immunology，　and　inflam－
mation．　The　signaling　mechanisms　（receptor－
media七 d　and／or　recep七〇r－independent　signal
transduction　of　I、PC）have　not　yet　been　studied　exten－
sively．　Howeve ，　a　better　understanding　of　the　regula－
tion　of　LPC　sign ling，　fbr　example，　may　provide　new
ins ghts　into　the　mechanisms　responsible　fbr　cardio－
vascular　diseases　and　ultimately　lead　to　novel　thera－
peutic　strate亘es　with　the　potential　to　improve
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